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(54) Thin film transistor 



(57) The use of an organic layer in a TFT results in problems in the performance of a LCD. A plasma 
treatment using O, N or a gas containing N or F, of the semiconductor layer (122) and the organic gate 
insulation layer (123) prevents detachment between the layers and the creation of charge traps at the interface 
including the semiconductor layer 50 that the aperture ratio of the LCD can be improved without deteriorating 
the TFT ON characteristic 
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1 

A method of manufacturing an active matrix liquid crystal 
display and the structure of the liquid crystal display 

manufactured by the same method. 

The present invention relates to an active matrix 
liquid crystal display (AMLCD) having a thin film transistor 
(TFT) as a switching element, and more particularly to the 
method of manufacturing the TFT and the structure of the TFT 
manufactured by the same method. 

In a conventional active matrix liquid crystal display 
as shown in FIG.l, the structure of a conventional AMLCD 
includes two substrates (a first and a second substrate) 
forming pixels in a matrix array. 

On the first substrate 3, each pixel electrode 4 is 
disposed at the intersection between gate bus lines 17 and 
data bus lines 15. Gate bus lines 17 are formed in 
horizontal direction and include gate electrodes (not shown) 
branched off therefrom. On the other hand, data bus lines 15 
are formed in vertical direction and include data electrodes 
(not shown) branched off therefrom. At the intersections 
between gate bus lines and data bus lines, TFTs 8 are 
disposed and make electrical contact with pixel electrodes 
4 . 

On the second substrate 2, color filter layers 38 and 
a common electrode 37 are formed. 

The first and the second substrates are correspondingly 



arranged in a position to face each other and are bonded 
together. The space between the substrates is filled with a 
liquid crystal material 40 to complete an active matrix 
liquid crystal panel. The polarizing plate 1 is formed on 

5 the outer side of the substrates before the bonding, and 11 
and 11' in Fig.l represent transparent glass substrates. 

The structure and the method of manufacture of the 
first substrate 3, which is directed to the present 
invention, is described in detail with reference to Figs. 2 

10 and 3. 

Fig. 2 is a plan view showing the structure of a 
conventional AMLCD and Fig. 3 is a cross-sectional view 
taken along the line III-III in Fig. 2. 

According to the conventional method of manufacturing 
15 an AMLCD, the structure of the AMLCD is as follows. On a 
transparent glass substrate 11, a gate bus line 17 in 
horizontal direction and a gate electrode 17a branched off 
therefrom are formed. The gate electrode may be anodized to 
improve insulating performance and to prevent hill-lock on 
20 the surface. On the substrate 11 including the gate 
electrode 17a, a gate insulating layer 23 using an inorganic 
material, such as SiN, or SiO, is formed. On the portion of 
the gate insulating layer 23 over the gate electrode 17a, a 
semiconductor layer 22 using amorphous silicon (a-Si) is 
25 formed. On the semiconductor layer of a-Si, separated ohmic 
contact layers 25 using n* a-Si are formed. On the surface 
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including the ohmic contact layer 25, a data bus line 15 in 
vertical direction, a source electrode 15a connected to the 
data bus line 15 and a drain electrode 15b spaced apart from 
the source electrode 15a are formed. At the same time, the 
5 source 15a and the drain electrode 15b make electrical 
contact with the corresponding ohmic contact layer 25, 
respectively. 

Then, a protection layer 26 using an inorganic material 
such as SiN x covers the substrate including the source 15a 

10 and the drain electrode 15b. A pixel electrode 4 using a 
transparent conductive material such as indium tin oxide 
(ITO) is formed on the protection layer which makes an 
electrical contact with the drain electrode 15b through a 
contact hole 31 formed in the protection layer 26. 

15 However, since the first substrate of the AMLCD results 

in a TFT and bus lines with stepped surface as shown in FIG. 
4, the pixel electrode 4 is formed at a distance away from 
the gate bus line 1"?, data bus line 17 and the TFT. This is 
because an inorganic material such as SiN^ or SiO : is used 

20 for the gate insulating layer 23 or the protection layer 26 

Moreover, the stepped TFT and lines causes problems in 
the manufacture of an AMLCD. In particular, when an 
alignment film is formed on the stepped surface, the initial 
orientation of the liquid crystal becomes inhomogeneous and 

25 reduces the quality of the LCD because of the rubbing defect 
at the stepped portion of the alignment film. 



4 

In order to overcome such problems, an organic material 
with high planarization property is used for the gate 
insulating layer 23 or the protection layer 26. Then, the 
reduction in the performance of the LCD can be prevented due 
5 to the elimination of the rubbing defect. An improvement in 
aperture ratio can also be achieved since the pixel 
electrode 4 may be formed to overlap the bus lines. 

Introduction of the organic material in a TFT 
structure, however, causes other problems. The ON 
10 characteristic of a TFT becomes unstable, shifting the curve 
toward its negative direction (Fig. 5) due to the charge 
trap at the surface of the semiconductor layer 22 in contact 
with the organic layer. 

An object of the present invention is to provide an 
15 AMLCD with a stable TFT using an organic protection and/or 
insulation layer . 

To prevent such problems, according to one aspect of 
the present invention, the surface of the semiconductor 
layer is plasma-treated using N : , 0 : or a gas containing N 
20 or F, forming stable bond structure of Si-0 or Si-N on the 
surface. In this manner, the inter facial problems between 
the semiconductor layer and the organic protection layer 
such as charge trap and detachment can be eliminated. 
Similarly, the surface of a gate insulating layer which 
25 makes contact with the semiconductor layer and is made of 
organic material, can also be plasma-treated to prevent the 
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interfacial problems . 

Another object of the present invention is to 
manufacture the first substrate of an AMLCD including 
plasma treatment step of the semiconductor layer 22 using 
5 N,, 0 2 or a gas containing N or F prior to the coating of the 
organic protection layer 26 with dielectric constant less 
than 3.0. 

Still another object of the present invention is 
manufacturing the first substrate of an AMLCD including 
10 plasma treatment step of the organic gate insulating layer 
23 of BCB, in addition to the plasma treatment step of the 
semiconductor layer 22, using N 2 , 0 : or a plasma gas 

containing N or F. 

It is to be understood that both the foregoing general 
15 description and the following detailed description are 
exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

For a better understanding of the present invention, 
embodiments will now be described by way of example, with 
20 reference to the accompanying drawings, in which: 

FIG. 1 is a perspective view showing the structure of 
a conventional active matrix liquid crystal display. 

FIG. 2 is a plan view showing the structure of a 
conventional active matrix liquid crystal display. 
25 FIG. 3 is a cross-sectional view showing the structure 

of a conventional active matrix liquid crystal display, 
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taken along the line III-III in Fig. 2. 

FIG. 4 is a perspective view showing a stepped surface 
at the cross-section between a gate bus line and a data bus 
line . 

FIG. 5 shows the curves of ON characteristic of a TFT 
using an organic protection layer. 

FIG. 6 is a cross-sectional view of a plasma treatment 
apparatus . 

FIG. 7 is a diagram showing the chemical structure of 
a semiconductor layer having dangling bonds at the surface. 

FIG. 8 is a diagram showing the chemical structure of 
a semiconductor layer, after plasma treatment at the surface 
using N 2 , o, or a gas containing N or F. 

FIG. 9 shows the curves of ON characteristic of a TFT 
using an organic protection layer after plasma treatment 
according to the present invention. 

FIG. 10 is a plan view showing the structure of an 
active matrix liquid crystal display according to the 
present invention. 



FIGs. 11A-H and 12A-B are cross-sectional views showing 
the manufacturing steps of a first substrate of an active 
matrix liquid crystal display according to the present 
invention, taken along the line V-v in FIG. 10. 

FIGs. 13 to 15 are cross-sectional views showing a 
25 first substrate of an active matrix liquid crystal display 
with various TFT structure according to the present 
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invention, taken along the line V-V in FIG. 10. 

FIG. 16A-H and 17A-B are a cross-sectional views 
showing another first substrate of an active matrix liquid 
crystal display according the present invention, taken along 
the line V-V in FIG. 10. 

The organic material for the protection layer or the 
gate insulation layer may include BCB or PFCB. However, the 
examples are given for manufacturing the first substrate of 
an AMLCD using BCB having dielectric constant less than 3.0 
and Si-0 bond structure. 

The importance of the plasma treatment of the 
semiconductor layer prior to coating an organic layer 
according to the present invention is described by reviewing 
the formation of the semiconductor layer. 

As shown in Fig. 6, when silane gas (SiH ; ) is 
introduced and discharged in a plasma apparatus 15C, it 
forms a plasma including SiH/, SiH 2 2 * and H' radicals. The 
reaction of the plasma gas results in deposition of an 
amorphous silicon layer (a-Si:H) 122 on the substrate 100. 
The semiconductor layer of a-Si:H forms the chemical 
structure as shown in Fig. 1 including a bonding defect of 
dangling bonds at the surface. 

When the semiconductor layer 122 including such a bond 
defect is coated with an organic protection layer by spin- 
coating, the unstable surface of the semiconductor layer 
results in a poor bondability to the organic layer and 
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detachment of the organic layer. Moreover, the dangling bond 
at the surface of the semiconductor layer causes charge trap 
of electron to shift the TFT ON characteristic curves 
towards negative voltage direction (Fig. 5) . This results in 
5 an unstable TFT, undesirably driving a circuit at a voltage 
lower than the TFT ON voltage. 

Thus, the surface 136 of the semiconductor layer is 
plasma treated by N 2 , 0 2 or a gas containing N or F to 
prevent bonding defects and detachment of the semiconductor 

10 layer from the organic layer thereon. The surface treatment 
of the semiconductor layer by N 2 , 0 2 or a gas containing N 
or F results in a stable bond structure such as Si-N or Si-0 
as shown in Fig. 8. Therefore, coating an organic layer on 
the surface 136 of the semiconductor layer 122 having Si-0 

15 or Si-N bond allows a stable bonding between the 
semiconductor layer and the organic layer eliminating 
detachment at the interface and providing a stable TFT ON 
characteristic . 

The experimental result of the TFT ON characteristic 

20 after coating an organic protection layer such as BCB on the 
semiconductor layer shows that the characteristic curve 
after plasma treatment (C2) with N 2 , O, or a gas containing 
N or F reveals an improved TFT ON characteristic without 
shifting (d) compared with the characteristic curve without 

25 plasma treatment (CI), as shown in Fig. 9. 
Example 1 
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The method of manufacturing the first substrate of an 
AMLCD is explained with reference to Fig. 10 showing a plan 
view of the first substrate of an AMLCD according to the 
present invention, and Fig. 11 showing a cross-sectional 
5 view taken along the line V-V in Fig. 10. 

A metal layer, using Al, Al-Ta , Al-Mo, Ta or Ti (being 
able to be anodized) or Cr, is deposited on a transparent 
glass substrate 111 and patterned to form a gate bus line 
and gate electrode 117a branched off therefrom (FIG. 11A). 
When, the metal layer is able to be anodized an anodized 
layer 135 is formed on the gate bus line and the gate 
electrode 117a in order to improve the insulating property 
and to prevent hill-lock (Fig. 11B) . 

Then, the overall surface is deposited with an 
inorganic material such as SiN x or SiO : to form a gate 
insulation film and a-Si and n* a-Si are sequentially 
deposited on the insulating layer 123 (Fig.llC). The a-Si 
and n* a-Si are patterned together to form a semiconductor 
layer 122 and ohmic contact layer 125 (FIG. 11D) . Then, a 
metal such as Al alloy is deposited on the ohmic contact 
layer 125 and patterned to form a data bus lines 115, a 
source electrode 115a branched off from the data line, and 
dram electrode 115b as an output terminal. The exposed 
portion of the ohmic contact layer is removed by using the 
source 115a and dram electrode 115b as a mask (Fig. HE). 
Subsequently, the exposed portion of the semiconductor 
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layer is plasma-treated using N 2/ 0 2 or a gas containing N 
or F to form a surface treatment layer 136. Then, an 
protection layer made of an organic material such as BCB and 
PFCB is formed on the overall substrate 111 (Fig. 11F) . A 
contact hole 131 is formed to expose the drain electrode 
115b through the protection layer 126 over the drain 
electrode 115b. Next, ITO is deposited on the substrate 
including the protection layer 126 and patterned to form a 
pixel electrode 104, which makes an electrical contact with 
the drain electrode 115b and overlaps the data bus line 115 
(Fig. 11H) . 

This embodiment is explained using IOP (ITO On 
Passivation) structure forming the pixel electrode 104 on 
the protection layer 126. However, this invention can be 
applied to TFTs having other structures, regardless of the 
sequence of the pixel forming steps. For example, the pixel 
electrode 104 may be formed before or after forming the 
source electrode 115a and the drain electrode 115b (Figs. 
12A and 12B) . 

Further, as shown in Figs. 13-15, this invention can 
be applied to the staggered, coplanar and self-aligned 
structure of a TFT as well as the reversed stagger structure 
of a TFT shown in Fig. 11. 

Thus, according to the present invention, the pixel 
electrode 104 can be formed to overlap part of TFT as well 
as the gate 117 and data bus line 115 as shown in Fig. 10, 
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thereby improving the aperture ratio. 

Additionally, the pixel electrode 104 overlapping the 
gate bus line 117 can play a role as a storage capacitance 
electrode . 
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Example 2 

Another example for the method of manufacturing the 
first substrate of an AMLCD is explained with reference to 
Fig. 16 showing a cross-sectional view taken along the line 
5 V-V in Fig. 10. 

A metal layer, using Al, Al-Ta, Al-Mo, Ta or Ti (being 
able to be anodized) or Cr, is deposited on a transparent 
glass substrate 111 and patterned to form a gate bus line 
and gate electrode 117a branched off therefrom (FIG. 16A). 

10 When the metal layer is able to be anodized, an anodized 
layer 135 is formed on the gate bus line and the gate 
electrode 117a in order to improve the insulating property 
and to prevent hill-lock (Fig. 16B) . 

Then, the overall surface is deposited with an organic 

15 material such as BCB and PFCB to form a gate insulation 
layer, and plasma treated using N : , 0 : or a gas containing 
N or F forming surface treatment layer 136a (Fig. 16C) . 

Then a-Si and n* a-Si are sequentially deposited on the 
organic insulating layer 123 and patterned together to form 

20 a semiconductor layer 122 and ohmic contact layer 125 (TIG. 
16D) . Next, a metal such as Al alloy is deposited on the 
ohmic contact layer 125 and patterned to form a data bus 
lines 115, a source electrode 115a branched off from the 
data line, and drain electrode 115b as an output terminal. 

25 The exposed portion of the ohmic contact layer is removed by 
using the source 115a and drain electrode 115b as a mask 
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(Fig. 16E) . 

Subsequently, the exposed portion of the semiconductor 
layer 122 is plasma-treated using N,, 0 : or a gas containing 
N or F to form a surface treatment layer 136b. Then, an 
protection layer made of an organic material such as BCB and 
PFCB is formed on the overall substrate 111 {Fig. 16F). 

A contact hole 131 is made to expose the drain 
electrode 115b through the protection layer 126 over the 
drain electrode 115b (Fig. 16G) . Next, ITO is deposited on 
the substrate including the protection layer and patterned 
to form a pixel electrode 104, which makes an electrical 
contact with the drain electrode 115b and overlaps the data 
bus line 115 (Fig. 16H). 

The plasma treatment of the organic gate insulating 
layer 123 and the semiconductor layer 122 using N., 0 : or a 
gas containing N or F modifies the surface bond structure of 
the organic layers so as to stabilize TFT ON characteristic 
without charge trap at the interface between the 
semiconductor layer 122 and the organic gate insulating 
layer 123 and to prevent detachment or patterning defects 
for the inorganic layers such as a metal, ITO and a-Si 
layers on the organic layer. 

This embodiment is also explained using IOP (ITO On 
Passivation) structure forming the pixel electrode on the 
protection layer as in example 1. However, this invention 
can be applied to other structure of TFTs , regardless of the 



14 

sequence of the pixel forming step. For example, the pixel 
electrode 104 may be formed before or after forming the 
source 115a and drain 115b electrodes {Figs. 17A and 17B) . 

Thus, using the organic material such as BCB and PFCB 
5 for the gate insulating layer 123 and the protection layer 
126, the plasma treatment of the organic insulating layer 
123 and the semiconductor layer 122 allows an improved 
aperture ratio of the AMLCD with a stabilized TFT. 

Similarly, a material derived from fluorinated 
10 polyimide, teflon, cytop, f luoropolyarylether or fluorinated 
para-xylene, each having dielectric constant less than 3, 
may be used as the gate insulating layer 123 or the 
protection (passivation) layer 126, as shown in the Table 1. 
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Table 1. Dielectric Constant of 



organic materials 



Organic 
mate rial 




arylet her 
f luorinaced 
para -xylene 
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Claims : 

1. A method of manufacturing a liquid crystal 
display having a thin film transistor including a gate 
electrode branched off from a gate line, a first 
insulation layer covering the gate electrode, a 
semiconductor layer, an ohmic contact layer, and a source 
and a drain electrode branched off from a data bus line, 
and a second insulation layer covering the semiconductor 
layer, the method comprising the steps of: 

surface-treating a surface of the semiconductor 

layer; and 

forming the second insulation layer on the 
surface-treated surface of the semiconductor layer using 
an organic material. 

2. The method according to claim 1, wherein the 
surface treatment step is a plasma treatment. 

3. The method according to claim 2, wherein the 
plasma treatment step uses at least one of N : , N 
containing gas and F containing gas. 

4. The method according to claim 1, 2 or 3, wherein 
the first insulation layer is formed under the 
semiconductor layer and comprises an organic material. 

5. The method according to claim 4, further 
comprising the step of surface-treating a surface of the 
first insulation layer. 

6. The method according to claim 5, wherein the 
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surface treatment step is a plasma treatment. 

7. The method according to claim 6, wherein the 
plasma treatment step uses at least one of N 2 , o : , N 
containing gas and F containing gas. 

8. The method according to any one of claims L to 1, 
further comprising the step of forming a pixel electrode 
on the first or the second insulation layer. 

9. The method according to claim 8, wherein the 
pixel electrode selectively overlaps the data bus line. 

10. The method according to claim 8, wherein the 
pixel electrode selectively overlaps the data bus line and 
the gate bus line. 

11. The method according to claim 8, 9 or 10, 
wherein the pixel electrode is formed before the formation 
of the source and drain electrodes. 

12. The method according to claim 8, 9 or 10, 
wherein the pixel electrode is formed after the formation 
of the source and drain electrodes. 

13. The method according to any one of claims 1 - 
12, wherein the organic material includes Si-0 bond 
structure . 

14. The method according to any one of claims 

1 - 13, wherein the organic material having a dielectric 
constant less than 3.0. 

15. The method according to any one of claims 

1 - 14, the organic material includes one of BCB, PFCB, 
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fluorinated polyimide, teflon, cytop, f luoropolyarylether 
and fluorinated para-xylene. 

16. A liquid crystal display device comprising: 

a thin film transistor including; 

a gate electrode branched off from a gate line; 

first insulation layer covering the gate 
electrode, a semiconductor layer; 

an ohmic contact layer; 

a source and a drain electrode branched off from 
a data bus line; and 

a second insulation layer covering the 
semiconductor layer; 

wherein a surface of the semiconductor layer is 
surface treated. 

1*7. The device according to claim 16, wherein the 
surface treatment of the semiconductor layer is plasma ' 
treatment . 

18. The device according to claim 1*7, wherein the 
plasma treatment uses at least one of N : , 0 :/ N containing 
gas and F containing gas. 

19. The device according to claim 16, 17 or 18, 
wherein the first insulation layer is formed under the 
semiconductor layer and uses an organic material . 

20. The device according to claim 19, wherein a 
surface of the first insulation layer is surface treated. 
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21. The device according to claim 20, wherein the 
surface of the first insulation layer is plasma treated. 

22. The method according to claim 21, wherein the 
plasma treatment uses at least one of N 2 , 0 : , N containing 
gas and F containing gas. 

23. The device according to any one of claims 16 to 
22, further comprising a pixel electrode on the first or 
the second insulation layer. 

24. The device according to claim 23, wherein the 
pixel electrode selectively overlaps the data bus line. 

25. The device according to claim 23, wherein the 
pixel electrode selectively overlaps the data bus line and 
the gate bus line. 

26. The device according to claim 23, 24 or 25, 
wherein the pixel electrode is formed before the formation 
of the source and drain electrodes. 

2*7. The device according to claim 23, 24 or 25, 
wherein the pixel electrode is formed after the formation 
of the source and drain electrodes. 

28. The device according to any one of claims 16 - 

27, wherein the organic material includes Si-0 bond 
structure . 

29. The device according to any one of claims 16 - 

28, wherein the organic material has a dielectric constant 
less than 3.0. 

30. The device according to any one of claims 16 - 
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29, the organic material includes one of BCB, PFCB, 
fluorinated polyimide, teflon, cytop, f luoropolyarylether 
and fluorinated para-xylene. 

31. A method of manufacturing a semiconductor 
switching element, wherein a surface of the semiconductor 
layer and/or a surface of an organic insulating layer is/ 
are plasma treated such that said surface of the 
semiconductor layer/organic insulating layer has a stable 
bond structure. 

32. A method according to claim 31, wherein the 
plasma treatment uses at least one of N 2 , 0 2 , N containing 
gas and F containing gas. 

33. A semiconductor switching element, wherein a 
surface of the semiconductor layer and/or a surface of an 
organic insulating layer is plasma treated such that said 
surface of the semiconductor layer/organic insulating 
layer has a stable bond structure. 

34. A semiconductor switching element according to 
claim 33, wherein the plasma treatment uses at least one 
of N 2 , 0 3 , N containing gas and F containing gas. 

35. A method, semiconductor switching element or 
liquid crystal display device substantially as 
hereinbefore described with reference to and/or as 
illustrated in any one of or any combination of Figs. 6 to 
17B of the accompanying drawings. 
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